SUMMARY An earlier study of 25 patients who were investigated by radionuclide angiography after a Mustard procedure showed that they had had evidence of right and left ventricular dysfunction at rest and with exercise. Twenty one (mean age 17-0 years (range 13-7-20-6) 11 female patients) of the original 25 patients were followed up a mean of 4-3 years later (mean 14-6 years (range 12-5-16-0) after the procedure). The group means for resting right and left ventricular ejection fraction and exercise response were not significantly different from those reported five years before. Individual changes in values were within the normal variation seen in serial studies.
Since 1964 when Mustard first reported his operation to correct transposition of the great arteries,' cardiac centres throughout the world have performed this operation. Current mortality is low for uncomplicated cases2 but there has been concern about postoperative morbidity, including baffle obstruction, residual shunts, pulmonary venous obstructive disease, tricuspid regurgitation, arrhythmias, and right ventricular dysfunction. '3 In 1984 Ramsay et al used radionuclide angiographic techniques to study ventricular function in a group who had had a Mustard procedure at the Royal Childrens' Hospital, Melbourne.6 We report a longitudinal follow up and update on this group of patients who we studied a mean of years after the initial study and years after their original operation.
Patients and methods

PATIENTS
In the earlier study 25 patients with Mustard's Requests for reprints to Dr Alexander W Venables, Department of Cardiology, Royal Children's Hospital, Flemington Road, Mel- boume, Victoria 3052, Australia.
Accepted for publication 14 March 1988 operation for D-transposition of the great arteries were investigated between August 1982 and March 1983. The clinical features of this group of patients were described in the earlier paper. 6 Since the first study four patients (cases 1, 15, 18, and 23 in All the patients claimed to be symptom free and to 316 Longitudinal study of ventricularfunction after Mustard operationfor transposition of the great arteries 317 be leading normal lives with unrestricted physical activity at the time of the study. Their mean age was 17-0 years (range 13-7-20-6) at the time ofthe second study which was performed a mean of 14-6 years (range 12-5 to 16-0) after operation. There were 10 male patients and 11 female patients and there were no significant sex differences in age or the interval since operation.
Methods
Twenty patients had electrocardiograms recorded and 19 had chest x rays, 24 hour Holter monitor, and treadmill exercise tests according to the modified Bruce protocol.7 All 21 patients had a radionuclide study to measure right and left ventricular ejection fraction at rest and exercise (supine bicycle ergometer) by both the equilibrium and gated first pass techiques in the Department of Nuclear Medicine, Alfred Hospital, Melboume, where the original tests were done. Details of these techniques were fully discussed in the earlier paper by Ramsay et al. 6 Imaging angles were adjusted for the rotation of the heart. In accordance with standard laboratory practice,8 the exercise workload was increased every three minutes instead of every four minutes as in the previous study. Apart from this, the equipment, technical aspects, and protocol were identical to the 1982 study.
The criteria for normal ejection fraction and exercise response were those used for the first study.69 Normal right ventricular ejection fraction was defined as > 45% and left ventricular ejection fraction as > 55%. Normal 
Results
The mean cardiothoracic ratio for the 19 chest x rays was 0-53 (0-05).
The electrocardiograms showed that 12 of 20 patients had sinus rhythm, with five patients having a low atrial or junctional rhythm. Three had implanted pacemakers. Twenty four hour Holter monitor studies showed that five of 19 patients had normal sinus rhythm. In the others sinus rhythm alternated with low atrial and junctional rhythm (10 cases), atrioventricular dissociation (five cases), and/or frequent ventricular extrasystoles (two cases).
In the exercise treadmill test seven of 19 patients had exercise tolerance less than the 10th percentile for age and sex, seven patients were between the 10th and 25th percentile, and one was between the 25th to 50th percentile. Only four patients (cases 2, 4, 11, and 25) had exercise tolerance above the 75th percentile. Three patients (13, 19 , and 23) had frequent ventricular extrasystoles and two (cases 13 and 21) had ST depression of 1 mm during exercise which quickly became normal in the recovery phase.
RESULTS OF SUPINE EXERCISE ON A BICYCLE ERGOMETER
The mean heart rate at rest was 66 (9) beats/min and at maximal exercise it was 130 (21) beats/min (an increase of 97%). The mean systolic blood pressure at rest was 119 (6) mm Hg and at maximal exercise it was 154 (17) mm Hg (an increase of 29%).
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- (48) - (37) - (52) - (49) - (63) - (54) - (72) - (69) - (1 0 Right ventricular ejection fraction The mean resting right ventricular ejection fractions by equilibrium and first pass were 50 (8)% and 56 (9)% respectively and the mean exercise right ventricular ejection fractions by equilibrium and first pass were 50 (9)% and 59 (9)%/. respectively (table 2).
The resting right ventricular ejection fraction was normal in 79% (15/19) (9) 56 (10) 63 (13) 63 (10) Exercise:
1987 study 50 (9) 59 (9) 71 (12) 75 (11) 1982study 49 (9) 59 (8) 68 (11) 71 (11) We report a 4-3 year longitudinal follow up study of ventricular function at rest and exercise in a group of patients who had undergone the Mustard procedure a mean of 14-6 years earlier, and whose ventricular function had been previously studied by Ramsay et al.' Twenty one of the original 25 patients investigated by Ramsay et al were re-evaluated in the present study.
The electrocardiograms and 24 hour Holter monitor tapes showed evidence of sinus node dysfunction in most patients. Significant dysfunction requiring pacemaker implantation was seen in four patients. An increasing frequency of arrhythmias with time has been reported in patients with intraatrial repair for transposition of the great arteries in other follow up series.1°0
The exercise tolerance of this group of patients on the treadmill was lower than in the normal population7 and was skewed towards the lower percentiles. This is consistent with the report by Mathews et al who found that despite their apparently normal clinical state, patients have subnormal exercise variables after the Mustard procedure."2 In the present study during the supine bicycle exercise test the male patients attained significantly higher workloads than the female patients, although five years before there were no differences between the sexes. Over the same five year period the male patients also had significant improvement of their workload performance compared with the first study while the female patients showed no change in their workload performance. It seems that the increased muscularity ofthe male patients during the adolescent growth period has led to their better workload performance. But the higher workload achieved by the boys had no bearing on ventricular ejection fraction-there was no significant difference in ventricular function between the sexes. Parrish et al found similar sex and age differences when they investigated ventricular function during exercise in normal children by a radionuclide technique.9
As well as arrhythmias, another major concern in late follow up ofpatients after a Mustard procedure is how well the right ventricle can adapt to an increased afterload in its role as a systemic ventricle and whether its function will deteriorate with time.
Cineangiography and radionuclide angiography of patients after the Mustard procedure showed evidence of right ventricular dysfunction." [1] [2] [3] [4] [5] In this study the mean resting and exercise right ventricular function of the group remained unchanged over the period of 4-3 years. To assess the significance of individual changes in ventricular ejection fraction, we calculated the values of the coefficients of variation for individual changes in right ventricular rest and exercise ejection fraction between the present and previous study (table 3) . We compared them with the values obtained from an earlier study done in this laboratory'6 in which serial left ventricular ejection fraction measurements were examined over a period of several months. There are no other comparative studies of a group of patients studied by radionuclide angiography over a period of years. The coefficients of variation of the earlier study ranged from 16% to 26%16 and were thus comparable with those of the present study (table 3) . Therefore, at this time, the differences in individual values could be accounted for by normal variation between serial studies.
The finding that overall right ventricular function at rest and at exercise was maintained and did not deteriorate during this interval is important. It suggests that any perioperative insult that damaged the myocardium was not progressive in this group of survivors for this period of follow up, and also that the right ventricle was able to cope as a systemic ventricle and provide a reasonable function over this period.
No other longitudinal study of similar patients is available for comparison. The results of Hurwitz et al,17 however, accord with our findings. They measured the resting right ventricular ejection fraction by radionuclide techniques in three different sets of patients undergoing the Mustard procedure. One group was measured before the Mustard operation, one group 6-12 months after the Mustard procedure, and the last group three years after the Mustard procedure. They found no statistical difference in the mean resting right ventricular ejection fractions between the three groups, and these results also resembled those of their normal population. They proposed that the group right ventricular function did not deteriorate in a three year period after the Mustard procedure. Their conclusions could only be tentative because their study was not a longitudinal one and the length of follow up was relatively short.
Another group used as a model for comparison with patients after a Mustard procedure are patients with congenitally corrected transposition-that is where the morphologically right ventricle functions as the systemic ventricle. Parrish et al used radionuclide angiography in patients after a Mustard procedure and in congenitally corrected transposition and found no increase in right ventricular ejection fraction with exercise in either group.'8 But the group they studied had associated cardiac abnormalities. Benson et al studied eight patients with congenitally corrected transposition without haemodynamically significant associated defects and reported that the mean systemic right ventricular ejection fraction was 48 (4)% at rest and 64 (4)% with exercise-that is a normal exercise response.-9 Whether this is an appropriate model is debatable. None the less, the right ventricle was coping well as the systemic ventricle at the time of study in these patients with congenitally corrected transposition.
The present study also shows that left ventricular resting function and exercise response were also stable over the 4-3 years. Hence both the left and the right ventricles-that is the heart as a whole-did not show any change in functional state. This suggests that there was no progressive global damage to the myocardium.
Whereas most patients had normal resting right and left ventricular ejection fractions, in two thirds the response of the right ventricle to exercise was abnormal and in about one quarter the response of the left ventricle remained abnormal. The long term prognostic implications of these findings are unclear. A study by Bonow et al that examined left ventricular ejection fraction in adult patients with aortic incompetence suggested that an abnormal response to exercise may be predictive of progressive ventricular dysfunction.2' Bonow et al also found that patients who were apparently symptom free could have an abnormal cardiac reserve.20 Thus the apparent lack of correlation between clinical symptoms and abnormalities of ventricular contraction is not unique to patients with a Mustard repair. It is found in other patients with congenital heart disease. Del Torso et al showed a similar trend in children after a Fontan procedure.2' Further long term follow up studies are needed to assess the interrelations between abnormal exercise response, clinical symptoms, and prognosis after the Mustard procedure.
In conclusion, this longitudinal study on a group of patients after the Mustard procedure showed that right and left ventricular function at rest and exercise remained stable over a 4-3 year 
